Background. Previous studies have documented a marked variation in transfusion practice for total hip replacement (THR) surgery. Objective. To audit red cell product utilisation for THR at two Western Cape tertiary referral hospitals (HY and HG). Methods. The folders of 207 consecutive patients undergoing elective THR surgery from January 2013 to December 2013 were reviewed. Information relating to age, sex, clinical observations, indications for surgery, pre-and postoperative haemoglobin (Hb) values, comorbidities, length of hospital stay and transfusion history was recorded. Results. The transfusion rate at HY (41.6%) was significantly higher than that at HG (10.0%). The mean postoperative Hb in the transfused patients at HG was 8.3 g/dL v. 9.1 g/dL at HY. Females had a significantly higher transfusion rate (33.0%) than males (15.0%) (p<0.05), and the mean age of transfused patients was significantly greater than that of untransfused patients (p<0.005). Although patients with comorbidities had a higher transfusion rate than those without, this did not reach statistical significance. Of 120 patients with complete data, 113 (94.2%) had a blood bank order, of which the vast majority, 102/113 (90.3%), were group-and-screen (G&S) requests; 29/113 (25.7%) were converted to a full crossmatch. Conclusions. Overall, the transfusion rate for both hospitals was 25.8%, which is well within published rates. A guideline Hb trigger of 8.0 g/dL is recommended as per published guidelines, with the caveat that the clinical judgement of the attending clinician whether a transfusion is indicated is paramount. Causes of preoperative anaemia should be investigated and treated. Routine cross-matching preoperatively is unnecessary, and a G&S order is sufficient.
As a result of recent advances in diagnostic technology developed to screen for transfusion-transmissible diseases (TTDs), the inactivation of pathogens and improvement in good manufacturing practice, the risk of acquiring a TTD is extremely low. In South Africa (SA), there have been one documented HIV and two hepatitis B virus window period infections since the introduction of individual donation screening by nucleic acid amplification testing in October 2005 (C Ingram, South African National Blood Service, personal communication, 2015).
However, blood transfusions still carry infectious risks, even though these are very slight, as well as other well-documented hazards. Consequently there has been an increased focus on appropriate blood management, with the publication of clinical trials carried out to establish evidence-based guidelines for the use of blood products. The publication of the TRICC (Transfusion Requirements in Critical Care) trial in 1999 showed that a restrictive approach to the use of red cell concentrates (RCCs) with a low haemoglobin (Hb) trigger of <8 g/dL had no harmful clinical effects and clinical outcomes were similar to those in patients treated with a more liberal transfusion regimen with the transfusion trigger set at 10 g/dL. [1] These findings have been supported by other studies focusing on high-risk patients undergoing hip surgery. [2] Numerous clinical audits of blood utilisation measured against clinical guidelines have been published over the past decade. These audits serve as a tool to identify areas of practice that can be improved and therefore form part of quality improvement initiatives that may be used to enhance patient outcomes, improve safety and minimise costs. Elective surgical procedures are the most common target of transfusion audits, because they have the advantage of providing well-defined patient groups. One of the earliest and most comprehensive blood utilisation audits was the Sanguis project, which collected data from 43 teaching hospitals in Central and Western Europe. This study selected the following elective procedures, as they were frequently performed and often involved a request for blood products: right and left hemicolectomy (COLE) for colonic cancer, coronary artery bypass graft (CABG), unilateral total hip replacement (THR), abdominal aorta aneurysmectomy (AAA), laparoscopic cholecystectomy (CHOLE), and transurethral prostatectomy (TURP). The results indicated an extremely wide range of transfusion rates, prescribed doses and types of blood products used within the same patient category. [3, 4] Furthermore, recent publications have continued to show this trend. [5] [6] [7] Very few studies of blood utilisation practice have been conducted in SA. [8] [9] [10] Blood is a valuable and scarce resource, especially in a middle-income developing country, and there is therefore a need for transfusion audits to achieve optimal practice. In addition, there have been no audits examining the blood ordering practice for THR in SA. To fill this gap, a study of the utilisation of RCCs as well as blood ordering practices in elective THR was carried out by means of a retrospective clinical audit at two tertiary referral hospitals in the Western Cape Province.
Methods

Patient population and ethics
The study population consisted of consecutive patients each of whom had undergone elective THR surgery between 1 January and 31 December 2013. The folders were examined consecutively to avoid selection bias. Patients were excluded from the study if they had been A clinical audit of the utilisation of red cell products in elective total hip replacement surgery 
Data collection and statistical analysis
A data collection form was devised as a tool to record the informa tion required for the audit. This included information relating to age, gender, clinical observations, indications for surgery, pre-and postoperative Hb values, comorbidities, length of hospital stay and transfusion history.
Data from individual data collection sheets were uploaded onto the IBM SPSS version 22 statistical package (IBM, USA) for analysis. From this, frequency tables, contingency tables and descriptive analysis for numerical variables using means, standard deviations (SDs) and standard errors were deduced. Summary statistics were given as means and SDs, and average values were presented as means or medians where deemed appropriate.
Performance indicators included the num ber of patients transfused per hospital as well as the number of units transfused per hospital. The χ 2 test was used to identify significant differences between two or more groups pertaining to categorical variables or to test for a significant association between two categorical variables. Student's t-test was used to compare the difference of a numerical variable between two groups (e.g. mean female Hb v. mean male Hb), and p-values were given to test the null hypothesis. A p-value of <0.05 was considered significant and would therefore reject the null hypothesis.
Results
Study population
Two hundred and seven consecutive patients admitted for elective THR at two tertiary referral hospitals in the Western Cape between 1 January and 31 December 2013 were studied. Eighty-seven patients were excluded owing to incomplete data, recent hip trauma or underlying malignant disease, with the remaining 120 patients (Table 1) equally divided between the two hospitals. 
Transfusion rates
Haemoglobin values
Fig. 2 summarises the pre-and postsurgery Hb values for all patients and is further broken down into those who were transfused v. those who received no RCCs. On average, the postoperative Hb was 2.7 g/dL lower than the preoperative Hb in all patients. The transfused patients had significantly lower mean Hb values than those who were not transfused (
Gender
It is well established that there is a difference between the Hb values of males and females, and this is reflected in Fig. 4 . The mean pre operative Hb for males and females was within the normal reference range for the Western Cape (National Health Laboratory Service). Despite this, the transfusion rate was significantly higher in female patients (p<0.05).
Patient age
There was no significant difference in the mean ages of the patients receiving blood at the two institutions (t=1.485, p>0.05).
The majority of patients undergoing THR were aged >60 years; however, the transfusion rate increased significantly with increasing age. The mean age of those who did not receive a transfusion was 62.16 (SD 11.75) years, while the mean age of those who were transfused was 70.03 (SD 10.01) years (t=3.33, p<0.005).
Length of hospital stay (LOS)
The majority of patients were discharged within 6 -10 days. No patient discharged by day 5 was transfused; in contrast, those receiving transfusions remained in hospital for a significantly longer period. In addition, LOS differed significantly between the two hospitals (mean p<0.001).
Comorbidities
As shown in Fig. 1 , the transfusion rate for all patients with co morbidities was higher than in those without comorbidities, but this did not reach statistical significance.
Blood bank ordering analysis
Both hospitals used the group and screen (G&S) as the default order (n=54 at HG, n=48 at HY). Not unexpectedly, given the higher transfusion rate, HY had a larger number converted to a full cross-match, and the number of full cross-matches ordered preoperatively was three-to four-fold greater 
Discussion
Variation in transfusion rates for THR has been well documented, but is not confined to this operation. Other major elective surgical operations such as CABG, total knee replacement and COLE show similar variations, [3, 11, 12] but these do not appear to be the result of patient mix, surgical technique or anaesthetic practices. A national audit of THR in the UK documented a 1 -100% variation. [5] Studies in Europe revealed a similar variation. [6, 7] In the Sanguis study, [3] a number of patients also received albumin, artificial colloids, plasma and platelets. Although the variation in blood utilisation practice is not as wide, our study has demonstrated a significant difference in the rate of transfusion of RCCs between the two tertiary referral hospitals. A consistent 2 -3 g/dL drop in Hb values postoperatively was docu mented in the studies mentioned above, and our study showed a similar mean decrease in postoperative Hb values of 2.7 g/ dL. This suggests that the average intra-and postoperative blood loss is fairly consistent and that variable blood loss from centre to centre is unlikely to be the cause of the variation.
In a systematic review published in 2011, Barr et al. [13] found that two factors consistently influenced the use of RCCs in orthopaedic surgery, namely preoperative Hb and age. Other factors were increased surgical complexity (e.g. revision THR), low body weight, co morbidities and female gender. [13] In our study, the transfused patients had signifi cantly lower mean preoperative and postoperative Hb values (Fig. 2) . Extrapolating from Fig. 2 , the 'trigger' Hb value for transfusion at HG is 8.1 g/ dL, whereas at HY this appears to be higher at 9.3 g/dL. Three of the 6 patients (50.0%) transfused at HG had Hb values >8.0 g/dL, while at HY 17 (68.0%) of the 25 transfused patients had Hb values >8.0 g/dL.
In common with other studies, female gender had a significant association with the likelihood of transfusion. The mean preoperative Hb was within the normal NHLS reference range for both females and males, however, so the reason for the higher transfusion rate in females is unclear.
The mean age of patients in most published studies of THR ranged from 63 to 70 years. The mean age of the patients in our study is comparable, and there was no significant difference between HG and HY. However, the mean age of patients who received blood was 70 years, which is significantly greater than that of patients who received no blood (p<0.005).
Patients with comorbidities had a higher transfusion rate than those without, but this did not reach statistical significance (p>0.05). This may simply reflect the smaller number of patients studied compared with other reports, where the numbers were far greater and comorbidities influenced the likelihood of transfusion.
Although Barr et al. [13] did not identify LOS as a factor influencing the transfusion rate, our study revealed that an increased LOS was associated with an increased likelihood of transfusion. At both HG and HY, significantly more patients who were transfused had a hospital stay of >6 days, and all untransfused patients had an LOS of <5 days. This association could, however, reflect the clinical condition of the patients and the presence of comorbidities that were also present in patients receiving blood transfusions.
A G&S was the majority order of choice. This is appropriate given the overall transfusion rate and is in line with local clinical guidelines. If the blood bank is on the hospital premises, an argument could be made to dispense with the G&S since blood can be ordered and delivered rapidly from an on-site blood bank.
Study limitations
This was an observational retrospective study and as such has inherent weaknesses. Nevertheless, it has highlighted the need for clinical audits in units with regular blood product use to benchmark blood management practice. Concurrent or prospective audits are preferable, although they are more difficult to conduct.
Conclusions
The findings of this audit have led to the conclusion and recommendation that all centres should have a policy for blood management that should include the following: • A guideline 'trigger' Hb value of 8.0 g/dL is recommended because studies have shown that a restrictive transfusion policy is safe in otherwise stable isovolaemic patients, and guidelines [14, 15] have endorsed this.This is a guideline, however, and must be used together with clinical evaluation.
• Transfusion rates must be monitored and reviewed regularly. Although it is difficult to provide a benchmark, given the wide variation documented, Barr et al. [13] reported that the average transfusion rate in patients undergoing THR or total knee arthroplasty was 26%. There are, however, a number of centres reporting a transfusion rate of <20%, [13] so it would not be unreasonable to have this as a target.
• This study also noted that many patients were anaemic pre operatively, in which case the cause of the anaemia should be identified and it should be treated if the cause is treatable (e.g. iron deficiency). [16, 17] • A G&S is recommended as the preoperative blood order.
In summary, this study demonstrated a significant difference in the transfusion rates between the two hospitals. Regular followup audits of blood utilisation should be conducted to compare current practice with local or international standards. This would ensure that blood wastage and unnecessary expenditure are kept to a minimum. Furthermore, blood donations would be optimally utilised and blood bank requests would be appropriate and essential. 
